Depleting non renewable fuel resources and environmental concerns have renewed interest in sustainable environment-friendly biofuel resources. While one of the oldest sources of energy, crops occupy a large piece in the puzzle for future energy supplies. Several bioenergy projects have been launched at Kemptville since 2008 to study production potential and challenges with respect to varietal effects, nutrient requirements, mineral concentration in tissues, weed management and final product quality. The crops studied could be categorized into 3 different groups; biomass crops (perennial biomass grasses and woody species), biodiesel crops and ethanol crops. The objective of this paper it to report the effects of nitrogen (N) levels on biomass production from switchgrass (Panicum virgatum L.), big bluestem (Andropogon gerardii Vit.) indiangrass (Sorghastrum nutans Nash.) and Miscanthus (Miscanthus sinensis x M. sacchariflorus). Our results on prairie perennial grasses indicate that it is possible to produce up to 10 Mg dry biomass/ha/yr with minimal nitrogen input (up to 50 kg/ha). At these levels, a sustainable and efficient production can be achieved. For Miscanthus, assuming a 100% establishment and winter survival rates, Miscanthus stands will be able to produce >40 Mg dry biomass/ha/yr at 120 kg N/ha. Our research helps producers make informed decisions with regard to species selection, seeding rates, fertilizer rates, expected yields and energy values of little-known bioenergy crops.
Introduction
Depleting non renewable fuel resources and environmental concerns have renewed interest in sustainable environment-friendly biofuel resources. While among the oldest sources of energy, crops currently occupy a large piece in the puzzle for future energy supplies. Bioenergy crop research 3 different crop groups: -Biomass crops: These are generally used for combustion and for biomaterial extraction. Examples include perennial biomass grasses (e.g., Miscanthus (Miscanthus spp.), switchgrass (Panicumvirgatum L.), big bluestem (Andropogongerardii Vit.) indiangrass (Sorghastrumnutans Nash.) and annual grasses such as maize (Zea mays L.), forage millet (Pennisetumglaucum) and sorghum (Sorghum bicolor (L.) Moench). The research is also currently investigating woody species such as hybrid poplar (Populus spp.).
Merr.), and canola (Brassica napus L.) and Jatropha curcas L. are the most important biodiesel crops. In addition, Camelina sativa (L.) Crantz is a crop of surging importance, thanks to its valued high quality oil that can be used for jet fuel and other high-end industrial uses.
-Ethanol crops: These are grown to produce starch or sugar that will be fermented to produce ethanol. (Tubeileh et al., 2009) . Production levels for annual crops could range considerably from one site to another and from year to year. In another study, the production of the same forage sorghum hybrid CFSH-30 ranged between 1.6 to 4.8 Mg/hadue to poor establishment (Rennie and Tubeileh, 2011) .For ethanol crops, sweet sorghum studies with three varieties and four planting densities have shown a production potential of up to 16 Mg/ha (with cv. Bulldozer) and Brix content as high as 22 for cv. Sugargraze (Saita et al., 2012) . However, perennial crops are more environment friendly as they require less inputs given that they need establishment one time. Recent research in Ontario has shown some promising results from some of the warm-season species-mentioned above in terms of adaptation (e.g., winter survival for Miscanthus) and production levels (Deen et al., 2011; Tubeileh et al., 2012; Tubeileh et al., 2014) . The objective of this study is to investigate the effect of nitrogen (N) levels on the dry matter production of different grass entries (species/genotypes).
Materials and Methods
Two experiments were started in 2009 at the University of Guelph Kemptville Research Station, located in Kemptville, Ontario (latitude 45.006118, longitude -75.632700, elevation 99.4 masl). The soil in the field is Grenville silt loam belonging to the brown forest great soil group with good drainage (Richards et al., 1949) .
In the first experiment, five species/cultivar entries were seeded to test their production potential and their response to an application of 50 kg N per ha in 2012. Two switchgrass cultivars (Sunburst and Cave-in-Rock), two big cultivars (Prairie-View and Rountree) and one indiangrass cultivar (Holt) were chosen for this experiment. The experiment was laid out as according to a split-plot design, with species in the main plot and N treatment in the split plot. The plot dimension was 6 m x 4.5 m. The design was replicated four times.
In the second experiment, four hybrid Miscanthus (M. sinensis x M. sacchariflorus) genotypes (Amuri, M1 Select, Nagara, and Polish) were started from rhizomes and irrigated after planting to improve establishment. The rhizomes were planted at 0.75 cm squares in 16 m x 3 m plots arranged according to a split-plot design with eight replicates. These plots were then split to have four N treatments (40, 80, 120 and 160 kg/ha) applied in the spring 2012. No fertilizer was added prior to that date. In the two experiments, crops were harvested in late November or early December 2012, after a killing frost using a hedge trimmer. For Miscanthus, several plants were harvested per plot to determine the production per plant, which was extrapolated to a per hectare basis with an assumption of 100% plant survival to evaluate the full production potential. In addition to dry matter production, leaves (including leaf sheaths) were separated from stems, and leaf/shoot dry matter ratio was calculated. Data were subjected to ANOVA using the SAS GLM procedure in SAS9 software (SAS Institute, 2012) . Differences were considered significant at the p<0.05 level.
Results and Discussion
Rainfall in the growing season 2012 (May-October) amounted to 263 mm, representing only 51% of the 30-year average for the same period. In addition, average temperature was higher than its long term average by almost 2°C.
Experiment 1
Switchgrass production exceeded big bluestem and indiangrass in 2010 and 2011. However, PrairieView big bluestem improved in 2012 and slightly exceeded switchgrass under 50 kg N/ha (Figure 1) . Despite the drought, dry matter production for the different entries in 2012 ranged between 5.07 and 8.13 Mg/ha. Biomass production was improved by N application only for big bluestem and Indian-grass but not for switchgrass. However, N application increased leaf nutrition (reflected by chlorophyll content) and leaf area index for all entries (data not shown). Moisture content at harvest was not affected by the N level, but was species dependent. Our results suggest that switchgrass might need lower N levels than big bluestem and indiangrass. With the stands reaching their peak production, this study shows the high production potential of some of these grasses under Ontario conditions. 
2. Experiment 2
Survival of Miscanthus was affected by summer drought and by winter conditions in the establishment year (data not shown). As a general rule, all plants that survived the first summer and winter survived subsequent years. Harvest moisture content was not affected by genotype or N level. Dry matter production was statistically higher for Nagara than the other genotypes, reaching 43.0 Mg/ha at 120 kg N/ha, followed by Amuri (Figure 2 ). N effect was not statistically significant, although for certain genotypes production tended to increase with N, indicating genotypic differences with regard to this element. The optimum N level might be between 80 and 120 kg/ha for most genotypes. The least productive genotype (M1 Select) was also the leafiest genotype, with a leaf/shoot dry weight ratio significantly higher than all other genotypes (0.427 g/g). N level did not have an effect on this parameter.
The production numbers for prairie perennial grasses fall within the range reported in the northern US (e.g., Heggenstaller et al., 2009 ). These species seem to have low N requirements under northern climates, which agree with the observations of Jung et al. (1990) . Our Miscanthus results confirm earlier observations in Ontario showing that Nagara had the highest biomass production potential with Amuri being closely behind (Deen et al., 2011) . Other studies in the US and Europe have also shown the high potential for Miscanthus (Heaton et al., 2004) . Error bars represent ±standard error.
Conclusion
Perennial warm-season biomass grasses can be very productive with proper management. Dry matter production as high as 50 Mg/ha can be obtained with most productive Miscanthus genotypes. Despite its establishment difficulty, Miscanthus is one of the leading bioenergy crops, and should be tested under different environments.
